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This is expected to be the last in the series of Quarterly Progress
Reports under Contract NAS 9-7830 for Radar Studies of the Moon
and Mars.
At this date, all radar observations have been completed on both
projects and much of the data has been analyzed. The remainder of
the contract period (through 9 January 1970) is being used to analyze
the remainder of the data and to assemble organized presentations
for data from both projects. The Final Report will be prepared in
two parts, entitled "Radar Studies of the Moon" and "Radar Studies
of Mars," respectively.
The cooperation of the U.S. Air Force in making available the Hay-
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RADAR STUDIES OF THE MOON AND MARS
I. LUNAR STUDIES
A. Backscatter Mapping
All the 7AC areas except for ten inaccessible areas in the :0.0 ring (on
the lunar far side hemisphere) have been measured and processed to pairs of
maps. The details of the publication of the maps are still being worked out,
but the processed data will probably be assembled onto fifteen magnetic tapes
with cartographic projections that correspond to their locations on the Lunar
Aeronautical Chart (LAC') series. In addition, we also plan to prepare a set
of individual gray-scale brightness photographs, similar in appearance to op-
tical photographs, and also to assemble complete mosaics of the following
seven regions: the equatorial belt (Mercator projection), two northern and two
southern "temperature-zone" belts (Lambert orthographic: projection), and the
two polar caps (polar stereographic projection).
There are still several corrections that we intend to make to the data:.
(1) an over-all slope in brightness across several ZAC maps, as if caused by
antenna mispointing, but with all other indications that the pointing was correct;
(2) a shift between the lunar landscape and the selcnographic coordinate grid,
when some 'LAC maps are compared with optical (e.g., LAC') maps, and even,
in some instances, when two overlapping 7AC reaps are compared.
The reason for correction (1) is not yet clear. It could have resulted from
noise on the position-sensing circuits of the antenna, which might in fact nlis-
point the antenna while producing the "correct" imlications of its position.
Whatever its origin, this shading will be removed from the data by a pseudo-
pointing computer program that is now riear completion.
Correction (2), on the other hand, is almost surely caused by uncertainties
in our lunar ephemeris. The value of the bnekscatter information is not af-
fected, since the features can easily be identified on the radar maps with their
optical counterparts. It would be po.,sible to reposition the coordinate grids
arbitrarily to rnatc • h some current s ystem of crater location. however, be-
cause of present uncertainties in the height contours on the moon, the optically
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Fig. 1. Geometry of the measurement of height profiles described in the text.
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derived selenographic grid is also in some question, especially near the limb..
Therefore, we will provide the assembled mosaic with only a set of best-fit
grid lines based on 1.AC••clrart locations of craters and other features.
B. Profile Measurements of Lunar Topography
During the course of the lunar backscatter mapping; effort, doppler cali-
bration runs were taken from time to time. The antenna was aimed at the sub-
radar point, and a delay-doppler map of the surrounding region v.-as taken.
These so-called "leading-edge" runs have now been used to investigate the Cur-
rent capability for topographic mapping.
A leading-edge run does not record the topography in full three-dimensional
space, but rather records its projection across the line of sight onto a plane
parallel to the instantaneous doppler equator (Fig. 1). In fact, only the topog-
raphy in the immediate vicinity of the doppler equator is seen because the
greatest power is returned from that region. The enhanced power there is clue
to the integrable singularity along the doppler equator in the transformation
from radar- coordinates to lunar surface coordinates.
"Topography" will be used below, subject to the above rzstrictions in its
meaning. The topography is derived by examining a Bela; -doppler map at var-
ious constant values of doppler shift. Within this strip or doppler on the map,
the first range cell with power exceeding the noise background by a factor of
three is taken as the first return. A height reference level or surface datum
is established by computing the delay-doppler shape of a 1738-km radius sphere.
The exact positioning of this reference sh,,ijpe with respect to the delay-doppler
map continues to be a problem due to suspected errors in the ephemeris posi-
tion of the center of mass of the moon.
In analyzing the leading-edge runs, the assumed position of the moon in
delay is derived from the U. S. Naval Observatory ephemeriss , and the assumed
doppler position from the .let Propulsion Laboratory ephemeris, Lunar Ephem-
eris 4 (LE 4). The nominal accuracy of L1,, 4 is sufficient for a rough position-
ing of the reference shape oil
	
range-doppler coordinate system, although
significant errors have been Suspected in bast work at llaystack. l 1'he large
pulse widths reported in that work, however, did not allow accura'.e quantitative
3
investigation of topographic effects. For this reason, and also for consistency
in the initial data reduction, the LL 4 doppler position was provisionally ac-
cepted. The reference shape was then moved uniformly, in range only, until
its average deviation from the measured leading edge was judged by eye to be
near zero. (This procedure allowed the derived range value to be considered
as a measurement of the range at that time.) The height residuals were then
obtained by subtracting the reference shape point by point from the measured
radar profile, recognizing that foreshortening effects were negligible this close
(less than 10') to the subradar point.
C. Sample Results
In order to test the interpretation of these residuals as topography, the
collection of leading-edge runs was examined for cases which overlap in their
coverage. For overlap to occur, the doppler equators must lie along the same
direction on the moon, but the subradar points need not (preferably should not)
be coincident.
Figure 2 shows the location of the subradar poi it and libration equator on
tide moon for two runs in January when the coverage overlapped. The height
residuals for these days are shown in Fig. 3. Also plotted in Fig. 3 are the re-
siduals for a following day whose location is not shoe n on Fig. 2, but whose sub-
radar point is just slightly less than —2 0. This figure does not demonstrate the
best obtainable resolution in angle. Computer , processing, not yet completed,
is expected to bring out this resolution. The residuals here are smoothed val-
ues of the actual variations inherent in the data.
The agreement among the various profiles is quite good; the residuals
correlate well in both height and position with various features on the surface.
The names of some of these features have been placed underneath the (presum-
ably) corresponding "peaks" or "valleys" on Fig. 3. The small differences from
curve to curve are due in Dart to the different sized resolution cells (hat cover
a given area, because of the difference in location of the subradar points, and
in pert to the measurement error which appears to he about 3 microseconds
(-1 50 meters in height ) heals to peak.
4
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Fig. 3. Measured height profiles of one region on the moon on three successive days.
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FThe lack of any significant slope disagreements in the residuals argues
againsi any sizable doppler error in these runs. We note, however, that these
profiles were obtained with almost exactly 24 hours separating them, and
that the time signature of the suspected doppler error has been estimated as
24 hours. 1 if the doppler error happened to be negligibly small at the time of
one of tine profiles, it would be expected that all other profiles would also show
negligible error.
The locations of runs separated by a longer time span (53 days) are shown
in Fig. 4. Again, in Fig. 5, the two profiles are seen to match very well. The
local topographic relief indicated by these residuals is in agreement with the
ACIC topographic map of this area (LAC-77). The absolute height, on the other
hand, as well as the general regional slopes, disagrees with the LAC chart by
as much as Zkm. Lunar Orbiter photography, remote-sensor measurements,
and other radar work  indicate the same order of apparent general-area errors
on the LAC charts.
D. Future Work
Further  refinements to this work are proceeding in two areas:
(1) Computer programming of the height-residuals calcula-
tion, as mentioned above, in order to facilitate analysis
of the body of t:ata that is available at present.
(2) Utilization of a more precise ephemeris, provided by




Another of the spin-offs from the present mapping program is an independ-
ent measurement of the same scattering laN ,  reported previously.3 This affords
us a check of the calibration accuracy of our current mapping system, since
the earlier experiment was designed specifically for the measurement of the
average scattering la%s and is therefore expected to be at least as precise as
the present wort,:. In addition, the present work will be providing for the first
7
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time a scattering law for depolarized radiation at 3.8 cm that should be as good
as the polarized law, since it is based on the same calibration and measure-
ment system.
We have plotted the average backscatter from each of the ZAC. maps, as
a preliminary look at the average backscatter, and two facts immediately . be-
come evident. The first is an apparent serious discrepancy between the pres-
ent law and the 9966 measui • ements, which fortunately is false. The source
of the discrepancy rests in the response of the calibration system to the variety
of matched filters, corresponding to the variety of pulse widths, that were used
over the set of ZAC maps.
The second noteworthy point is the systematic variation in the average
backscatter over the face of the moon, corresponding to differences in the scat-
tering cross section between the maria and highlands, in general, and also be-
tween other subcategories in particular. These data are not being included in
this report because of the known and (as yet) uncompensated matched-filter
correction factors mentioned in the preceding paragraph. These correction
factors can be calculated in a straightforN, , ard way after a short calibration
session on the radar, which will be scheduled as soon as possible after the
Planetary Radar Box returns to the antenna at the end of October.
F. Surface Morphology — Qualitative
As originally noted by Pettengill and Ilenry 4 and siibsequently confirmed
in more detail by Thompson and Dyce,5 there exist regions on the moon that are
anomalously bright radar backscatterers, surrounding certain of the °younger"6
craters, and especially those which possess marked ray structures. With the
higher resolution of the present work, we are able not only to confirm but also
to extend this last statement:
(1) All the rayed and most of the other young craters are
anomalously bright at 3.8 cm, ^,,• ith the greatest enhance-
ments in bri^,fhlness appearing (in order of strength of
enhancement) uniformly around the rim of a given crater,
on the central mountain peak structure, if any, and
10
generally spread over the floor of the crater and extend-
ing to a variable distance beyond its walls.
(2) The brightness enchancement is generally greater in the
cross-polarized map by a factor of about two. This is
further evidence that the enhancement results from in-
creased roughness in the vicinity of the younger• craters.
(3) There also appear on the maps a large number of bright-
ness enchancements of fairly large.extent, but not obvi-
ously associated with any crater of comparable size.
Several of these have been checked more carefully against.
j	 LAC charts and Lunar Orbiter pictures, and there is usu-
1
	
	 y	 yall a small, ve ry new crater or cluster of craters near
the center of the enchancement. It will be interesting to
speculate on the reasons for the unusually large area cov-
e yed by bright (rough) ejects from these unusual craters.
II. MAPS WORK
A. Introduction
Observations of Mars, started on 8 Alay and first reported in Quarterly
Progress Report 5, 15 July 1969,  have now been completed. The observations
were continued until 12 September, when the signal-to-noise ratio became so
poor that only the highly reflecting parts of the planet were yielding a delay
measurement error of less than 20 µsec. At the termination of observations,
the subr•adar latitude was about 2°N and moving south. Unfortunately, the lack
of signal strength prevented any measurements of the southern hemisphere.
A fairly thorough analysis of the data until the end of July has been com-
pleted. A final report on all the data shwild be corr,pleted by 15 November.
B. Delay Hanging Measurements
The technique of matching the sampled data to an echo template was de-
scribed in, the last. Quarterly Progress Report. This technique was used in
preparing Table I, which lists the delay to the suhradar r • egioti. figure 6 shows
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Fig. 6. Examples of observed sample values of received power vs delay, with bcsi -fitting
theoretical power disiribution. The unit of power is one standard deviation of background
noise power, derived iheoreticolly from measured receiving system noise temperature. The
estimated su! radar point delay for thi; case is 105 i 15 psee on the scale shown. This
echo was observed ci 23 h 30 m, 22 July 1969 (UT) from the Martion brgjht area known as





Table 1 lists the measured delay time at the given receive time-date. The
quoted time delays are in seconds, and the errors are in microseconds. The
corresponding latitude and longitude of the subradar point are also given. Since
the topographic heights corresponding to these measured delays depend on the
best-fit ephemeris, no values are given at the present time. However, resid-
uals from the present best-fit ephemeris are shown in Fig. 6. Final values





JULIAN	 DATE HMU R S	 MIN TI M E	 DFLAY . O R.	LONGITUDE LATITUDE
2440349,5 9 8 563,5?3876 8 182,52 3,52
2440349,5 9 28 563,4 133292 11 187,42 3053
24403 151.5 5 28 55 4 ,i5420 7 17 110,76 3.68
24403131,5 5 4A `.94,n849 9 3 1,7 115,63 3,68
2440351,5 6 8 554,016007 14 120,51 3,68
2440351,5 6 28 553,0472 79 17 129,38 3,68
2440351,5 6 48 553,478802 t2 130126 3,69
24403151,5 7 A 553,ft10542 44 135,13
3,69
2440351.5 7 28 S53,742568 23 140,00 3,69
2440351.5 7 48 1353.A74790 26 144,88 3,69
2 4 40351,5 8 8 5153.607289 23 149,76 3,69
2440351,5 9 8 553,404074 15 164,37 3.69
2440391.5 9 28 553,334421 11 169,25 3.70
2 4 403151,5 9 48 553,27?960 18 174,1.2 3170
3,702440351,5 in A 5,3,206663 11 179,00
2440354,5 5 34 539,471.6 49 3 85,48 4,13
2440354,5 5 14 93 9 , 9 04 779 3 90,36 1.13
2440354.5 6 14 53 9 .A4611 9 5 95,22
2440354,5 6 34 539,7A5740 5 100,11 4,13
2440354,5 6 54 5 3 9 , 7 21 600 6 104,98 4114
24403154,5 7 14 53+,650717 5 109,86 4,14
2440314,5 7 34 53 9 , 11 980 96 14 114,72
4.14
2440384,5 7 54 539.53W9 12 119,60 4,14
2440354,5 8 14 539.47 13514 14 124,48 4,14
2440354,5 A 34 539,414502 ?6 129,36 4,15
2440354,5 A 54 539,1536 137 26 134,23
2440384,5 9 14 539,795352 18 139,11 4,13
2440354.5 9 34 539,231001 38 1,43,98 4,15
2440354,5 9 54 539,1718 74 17 148,86 4,15
2440356,5 4 44 531,42A539 5 55,36 4.41
2440356,5 5 4 531,360428 5 60.23
2440356,5 5 24 531.31n555 3 65,10
4,42
2440356.5 5 44 531,75192 4 2 69.90 4.42
244n356,3 6 4 531,1915 4 1 3 74.86 4,42











2440356,5 8 4 530,A49421 11 104,11 4,43
2440358,5 4 ?1 5?3,413524 5 32,06
4,70
4,702440358,5 4 4 1 521,158629 6
5
36.94





1523,240547 5 46,69 4,7024403 138,5
2 4 40358,5 5 41 523.19737 7 3 51,56 4.71
2 4 40356,5 6 1 523.141'"19 5 56,44 4171
24403 1 A,5 6 :, 4 5 23. n 79 764 3 62,05 4,71
2 4 40358,5 6 44 5 7 1 . n ?6 368 3 66,95
4,71
4,712440388, 13 7 4 522,9712 }`6 2 71.80
715,68 4,7224403 &)6.'5 7 74 572,92n361 5
4,722 4 403 ,5A.5 7 44 592,867727 3 81,55
66.43 4,722440358,5 8 4 522,415291 5
4,7224403%8,5 R 24 572,761095 3 91,30
2440358,5 R 44 52?,7116'! 1 5 96'se 4,72







105,94 4.712 4 4C358,5
24403131,5
9
5 3 1512,191240 6 15,40 5,14
2441;131.5 5 ^) 3 817,1A 1;8n6 6 20.30 5,14
214b3i,1,5 5 43 512.79A622 5 25,1B
5,14
2440361.5 6 13 512,7283?5 6 32,50
5,113




2 4 40361,5 6 53 517,135459 6 42,25
5,15
2 4 40361,5 7 13 512,A803 A 5 6 4 7 . 13 5,15
2440341.5 7 33 51?,043551 8 52,00
5,15
2440361,5 7 18 511,984590 9 58,16 5.15
2440361,5 8 17 511,443517 8 62,74 5,15
2440361.5 8 36 511,90n631 5 67,35 5,16
2440361,5 9 5R 511,651202 17 7'.73 5,16
2440363,5 6 28 505,767350 3 1•,52 5,53
5,532440343,5 6 47 505,727602 3 23,15
27,52 5,532440363.5 7 5 505,69n542 6 5,53
2440363,5 7 23 5n5,651 476 8 31.91 5.54
2440363.5 7 43 50 5 , 4 125 n 0 5 36.81 5,542440343.5 8 3 505,571728 6 41,68 5,542 4 40343.5 R 23 5n 5 , 9 311 7 6 8 46,57 5,54










4 99. 0 710 7 4 3 6.37 5,90
2440365,5 7 9 499, 9 3^1 75 3 10,77 5.90
2440365.5 7 I R 499,003650 2 15.39
2440365.5 7 4R 499,667525 6 20.28 5.915.91
2440365,5 8 8 4 9 9 . A 316 08 6 25.15











2440368,5 5 3 497,78431 4 2 313,41
6,44
2 4 40348,5 5 ?3 4 92,755731 3 318,29
6,44
2 4 40368,5 5 43 4 92,727405 3 323,18 6,45
2440368,5 6 3 492,695317 5 328.n5 6145
2 4 40368,5 6 ?3 492,6654 7 9 5 332,92
6,45
2440348,5 6 43 497,6348R8 6 337,79 6,45
2 4 40368.5 7 1 49?,404527 3 342,68
6,46
2 4 40368,5 7 23 49?,577392 3 347.56 6,46
2440368,5 7 43 49 ?,546477 3 352,4 6,46
2 4 40368,5 R 3 497,519768 3 357,33
6,46
24403f,8,5 R 23 4 97, 4 912 49 3 2.18 6.47
2 4 40368.5 R 43 49?, 4 62911 9 7,07 6.47
2 4 40370.5 4 51 4RR,731479 2 292,76 6,81
2440370.5 5 R 466.711476 2 296,41 6.Pl
2 4 40370.5 5 97 4RP, O^R711 4 2 301.78 6.42
2440370,5 5 46 48A,A62949 5 3U6.17 6.82
2 4 40370,5 6 4 4 R R , 4 4n3n 7 3 310.56 6,82
2 4 40370,5 6 22 488,617841 5 314.95
6.82
2 4 40570.5 6 39 4 88,596815 6 319,34
6,92
2 4 40370.5 6 5R 49 A .573 41) 4 6 323,73 6,83
2 4 40370.5 7 16 468,5519 0 0 8 326,12 6,83
2 4 40370,5 7 34 46P,5?9851 6 332,51
2440372,5 3 6 4 85, 4 6?1 4 6 12 249,76 7.i8
2 4 40377.5 3 ?4 495.44?0 9 8 24 254,15
2 4 40372,5 3 42 485,42?2?7 8 258,ri4
7,18
2440372,5 4 0 485.409563 8 262,03
5,19
2440372,5 4 1R 4 R5,1R30 9 3 B 2t7.Y0 7,19
2440372,5 4 16 495,163830 11 271,71
7,19
2 4 4n!7?,5 4 S4 4R5,144799 3 ?76,10 7,19
2 4 40372.5 5 12 4 85,1?58 8 6 2 ?d0,49 7,20
2 4 40372.5 5 4? 495,?94ER0 3 287,81 7.20
2 4 40372,5 6 0 4 8 `x . 7 7 4 5 62 3 292,70 7.20
2 4 4037?.5 6 1R 465,75A433 2 296,47 7.212440372,5 6 16 4 R5,^)4R502 3 300.95






4 0,227 7 '4
4 0,2051 R 3
G
6 309,75 7,21
244037?.,5 7 30 4A9.1877R1 5 314,14 7,217.2?.
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TABLE I (Contim
2440372,5 8 6 465,153468 12 322,92 7,ez
2440375,5 3 17 4RS,Aj0710 3 225,95 7176
2440375,5 3 34 4 RS,tiDA0A 4 2 230,09 7,76
2440375,5 3 '12 4R1 ,'s94867 3 234,48 7,77
2440375,5 4 10 4R1.5R1869 3 238,86 7,77
2440375,5 4 28 481,161075 3 243,25 7,77
2440375,5 4 46 4 R1, 5 5A480 6 247,64 7,77
2440375,5 5 4 481,544098 8 252,03 7178
2440375,5 5 22 4 81,531933 6 256,42 7,78
2440375,5 5 4 0 481,510952 5 260,81 7,78
2440375,5 5 158 481,"08176 5 265,70 7.76
2440375.5 6 16 4Ri.496593 5 269,59 7,79
2440375,5 6 34 4 81,48'1184 2 27.09 7.7y
2440375,5 6 `2 4 81.4739 50 3 278,49 7,79
2440375,5 7 16 4R1,'5f8R4 2 282.77 7,79
2440375,5 7 79 4 81,451991 3 287.15 7,79
2440375,5 7 48 4Ri,4400 7 9 3 292.03 7.80
2440375,5 8 6 4 81,479501 6 296,42 7,60
2440376.5 2 17 480,7745n1 1-2 202,48 7,95
2440376,5 2 35 4RO,717655 3 206.87 7,95
2440376,5 ? 5 3 4 P0,7nW 7 2 211,26 7.95
244n376,5 3 in 4 80. 6 901 73 3 215.36 7.95
2440377,5 3 2 479,928708 5 204.A2 8,15
244n377,5 3 20 4 7 9 . 9 1 0 51 7 6 209.01 8,15
2440377,5 3 38 & 7 Q ,91n521 2 213,42 8,15
2 4 40377,5 3 56 47 9 ,901730 3 217.79 8,15
2440377,5 4 14 4 79,^931 44 5 222,18 6,16
2440377,5 4 40 479,9810 9 7 2 228.92 8.16
2440377,5 4 58 4 7 Q . A 7100 5 2 232,P5 8,16
2440377,5 5 jr) 479,9655 5 4 5 237,07 8,16
2440377,5 5 3;, 4 7 9 . x 582 7 9 6 241.20 8.17
2440377,5 5 49 47 q .P91175 5 245.35 8.17
2440377,5 6 21 47Q,A3A263 6 253,16 8,17
2440377,5 6 39 4 7 Q , A 312 6 3 21 257.55 8,18
2440378.5 1 52 4 7 Q , 1 610 39 8 178,73 8,33
2 4 40378,5 2 in 4 7 Q . 1 532 R4 6 183.12 8,33
2440378.5 2 28 4 7 0 .101 71 9 5 187,50 8,33
2 4 40378,5 2 46 4 7 9 .33832 7 5 191189 8,34
2440378.5 3 4 4 7 4 ,33115 8 5 196,28 6.34
2440379.5 4 42 4 7 P , A 797 97 5 211,40 0,55
2440379,5 5 0 4 7 A . A 760 6 2 3 215.75 8,55
2440379,5 5 18 47R,R77526 2 220.14 8.55
2440379.5 5 36 4 7 8 , P 691 93 2 224,47 8,55
2440379,5 6 4 4 7 A , P 643 77 3 231.11 8,56
2 4 40382,5 5 16 479.A47744 6 193,16 9.10
2 4 403 P 2.5 5 33 4 7 R , A 45 6 1 4 5 197,51 9,10
2 4 403P?.5 5 Fn 47P,64A617 5 201.41, 9,10
2 4 40392.5 6 7 4 7 A , 4 51811 3 20,60 9,10
2 4 403A2,5 6 24 47P.a59155 3 209,74 9.11
24403P?,5 6 41 478.65?648 5 213.118 9.11
2 4 403 6 ?,5 6 58 4 7 P , 6 692 74 5 218,04 9,11
24403A2.5 7 15 478,A640 4 4 6 222.18 9,11
2 4 40382.5 7 32 478,664974 9 ?26,32 9,11
24403A4.!, n !10 479,'179393 8 11G.1 i8 9.40
2440364,; 1 7 4 7 9 .731 47 1 8 114.73 4,40
244n3A".5 1 24 4 7 4 .23771 9 6 118,118 9,40
24403A4 1 5 1 4 1 4 7 Q ,24 7 12 y 12 125.02 9.41
2440394,5 1 `;P 4 7 9 . 7 46708 6 127.17 9,41
7 4 433A4,5 2 15 479,75 4 446 8 131,31 9.41
24403A4,5 7 12 479,756363 9 135,46 9,41
2440384,5 44 4 7 0 .2f,1 4311 ?0 139.62 9.41
24403x4,5 3 6 4 79.7e.,015 21 143,75 9041
!G
TABLE I (Continued)
2440384,5 3 23 479,772121 38 147,90 9,42
2440384,5 3 4 0 479,277735 6 152,05 9,42
24403A4,5 3 77 479,281519 6 156.19 9,42
2440384,5 4 14 4 79,78950 7 12 160,33 0,42
2440384,5 4 31 4 7 9 ,2916 4 2 6 164,49 9142
2440384,5 4 48 479,3Ot974 3 168,62
9,43.
24403 A4 ,5 5 5 479,10RO4 6 172,77 9,43
24403 x 4,5 5 22 4 7 9 .1141 4 5 3 176,91 9,43
24403P4,5 5 39 479,1pt p '= B 161.66 9,43
2440384,5 5 56 4 79,'.A9 A9 6 185,21 9,47
2440384,5 6 13 4 7 0 ,13A1 5 3 6 189,36 9,44
2440384,5 6 30 4 7'/,34.1 46 0 8 193,51 9,44
2440384,5 6 47 479,158907 11 197,64 9,44
24403A4,5 7 4 479,359488 14 201,79 9,44
2"40384,5 7 21 479,366186 9 205.93 9,44
24403A6,5 3 34 4R8,5644 7 6 8 132,87 9,75
2440386,5. 3 S i 480,'+740 4 3 12 137,n2 9,75
24403A6,5 4 25 4 9 8 ,99111 9 33 145.31 9,75
24403 8 6.5 4 42 480,401837 21 149.45 9,76
2 4 40386.5 4 119 4 60, A 1 4 0 98 8 153,60 9,76
2440386,5 5 t6 4 RO. 4 74550 17 157.74 9176
24403A6,5 5 50 4 8 11 ,84'5930 9 16,103 9,76
2440386.5 6 7 4 8 n ,A5 4 8 4 0 11 170.!9 9,77
24403A6,5 6 74 4Re,ti67919 14 174,32 9.77
2440386.5 6 4! 480,A70107 14 178.47 9.77
24403P6.5 6 98 4RO,69A452 39 182,62 9,77
244018.9.5 1 29 483.559676 s 75,145 10,23
2440389.5 2 14 483.9925 8 2 6 86,93 10.24
2440389,5 2 32 483,A07655 8 91,20 10,24
2440389,5 2 SO 4 R3. A 2?9 48 8 95,59 10,24
24403A9.5 3 P 4 83.A3 84.18 9 99.98 18,24
2 4 403149,5 3 76 4 83.45 4 121 50 104,37 10,24
2440389.5 3 44 4R3,A? W5 8 106,76 18,25
2440389,5 4 7 4R3.AAti129 6 113,14 10,25
2440389.5 4 70 483,707476 3 117.55 10.25
2440389,5 4 3A 4 8•'-, 7 18917 6 121,93 10,25
2440389,5 4 56 483 0 735610 8 126,32 10,25
2 4 403 A 9.5 5 14 483,752485 6 130,71 10,26
2 4 40389,5 5 32 483.760542 9 13~,09 10,26
24403A9.5 5 70 4R3,7R6770 32 139,49 10,26
2 4 40389.5 A ?6 4 R 3 , A 7J 7 10 60 146,27 10,26
2 4 40389,5 6 44 483.A393A9 20 152.66 10,27
2440393,5 2 14 499,70 2.10 11 50,99 10.78
2 4 46393,5 2 14 4 S 9 , 7 6A6 7 6 8 55.86 10,78
2 4 40393.5 2 52 4R9,79n6 7 9 6 60,75 10.78
2 4 46393,5 3 10 4R9,g1}476 6 64,64 10,70
2440393.5 3 ?R 4 R 9 , A 36470 3 69,85 10,7e
2446393,5 3 414 4 8 9 ,A622 44 15 73,90 10,78
2 4 403x3,5 4 6 4 A 9 ,'4146 7 3 17 78,30 10, 711
2 4 405 0 3.5 4 31 489,91r,^95 9 p4, 40 10,79
2 4 40313,5 4 49 480.042350 14 88,77 10,79
2 4 40303,5 5 7 489,060,375 15 93.16 10,79
2446393,5 5 ')5 489.99^5A3 12 97,°i5 1C, 79
2 4 4Ct03,5 5 4 3 491.114964 ?Y IC1.94 10,79
2 4 40303.5 6 1 49^,830508 24 106,33 10,79
244n!03.5 A 19 498.f+641A2 17 110,73 10, PO
2 4 40395.5 73 77 4 9`+,5415 97 9 343,48 11,09
2 4 40! 0 5,5 23 46 495,56ARn0 8 341.12 11,09
2 4 40396,5 6 3 495,591276 6 352,27 1!,09
2446306,5 0 77 4 9 1>. A 2 0%0 77 8 3511.11 11.89
2 4 40306.5 0 4 r, A 9'). A1,43 A4 9 2150 11,09
2440306,5 1 ? 495,A7o346 6 6.65 11,10
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TABLE I (Cont i r,ued)
2440396,5 1 19 495,70:4 0 6 6 10,79 11,10
2440396,5 1 36 495,779815 1 14,04 11,10
2440306,5 1 13 405,7!7301 9 19,68 11,10
2440396.5 2 10 495,78)956 9 23,22 11,10
2440396,5 2 27 495,806795 6 27,37 11,10
2440396,9 2 44 W ,831001 5 31,51 11,10
2440396,5 3 1 495,"98980 6 35,66 11,11
2440306,5 3 18 495,885344 9 39,61 11,11
2440396,5 3 35 495,011873 5 43,95 11,11
2440306,5 3 53 4 95,94AIS 4 11 40.33 11,11
2440396,5 4 17 495,970100 14 52,97 11,11
2440306,5 4 33 496,101650 6 58,69 11,11
2440306,5 S S 496,n5s090 9 65,89 11,11
2440396,5 5 22 4 96,n81633 6 70,03 11,12
2440396.5 5 40 4 96,1119 5 6 23 74,42 11,12
2440396,5 5 57 4 96,130789 24 78.57 11,12
2440396,5 6 14 496.167770 21 82,71 11,12
2440308,5 0 53 500,3113 7 3 6 346,60 11,31
2440308,5 1 10 500,!39382 6 350,73 11.31
2440398,5 1 78 500,369278 6 355.12 11.31
2440308,5 1 46 500,19926? 5 359,51 11,32
2440308,5 2 4 500,429481 5 3.89 11,32
2440308,5 2 77 500.4594n0 3 8178 11,32
2440308,5 2 4 0 5 0^, 4 9151 3 5 12,67 11.32
2440398,5 2 58 500,571326 5 17,06 11,32
244n3o8,5 3 16 50n, 5 573 1 0 3 21,45 11,32
2440398,5 3 34 500. 5 83512 5 24,84 11.32
2440399„5 3 51 500,611172 5 29,98 11,33
2410308,5 4 9 50n.A44739 6 34,37 11,33
2 4 40348,5 4 77 5A0,i^7A 49 1 9 3P,71 11,33
2440300,9 4 45 56 0 , 7 nW 4 it 43.15 11,33
2440398,5 5 3 5pn,741493 14 47.',3 11,33
244039P,5 5 71 500,7717e4 11 51,92 11,33
2 4 "0308.5 5 34 500,5651 73 15 56,31 11.33
240308,5 5 57 50n,R376AA 12 60,71 11,33
2440410.5 2 72 5n 5 ,59252 6 3 350,44 11,54
2440400,5 2 4 0 S n 5 ,4241 06 5 354.83 11.54
2440400,5 2 58 5n5,459866 5 359,:1 11,54
2404n0,5 3 16 S n 5 . 6 916 20 5 3.59 11,54
2 4 404AC.5 3 34 5n5,777990 12 7,99 11,"4
2440410,5 3 57 5 15.76'316 9 17,38 11,54
2 4 404nC,5 4 In 5n5.79A„34 9 16,77 11,54
2 4 4n4n0,5 4 28 5 0 5 , 8 315 ?9 11 21,15 11,54
2 4 40410,5 4 4 6 505,R64453 9 2`'5,54 11,5"
2 4 40400,5 5 4 5 0 •`i . O n1 431 12 29.93 11,55
24404no.5 S 72 505,93A675 15 34,32 11,55
2440410.5 5 4n 505.0719 4 5 24 38,71 11,55
24,1)41?,5 73 6 513.7,eWAZ 6 27(,12 11,71
244n4r2.5 71 76 513,7640nr 5 78(',46 11,71
2 4 40412.5 73 4n 513,N01470 3 28%,?3 11,71
24404r, 3,5 0 4 513,01 37016 3 289.73 11.71
2 4 4n4n3,5 0 38 513,905676 3 296.01 11,72
2 4 464n3,5 0 57 513,944327 6 302,65 11.12
2440413. 13 1 15 513,081125 5 307,13 11.77
2440413,5 1 33 5 1 4 ,^1611 4 5 311,41 11,72
2 4 404n3.5 1 5 7 51 4 ,^5 7 3 7 3 3 316,04 11,72
244L4n3, 1 , 2 11 5 1 4 ,^9Ae ls 5 32!',67 11,72
2 4 404x3.5 2 3n 5 1 4 ,13 A5 2 `) 9 325.30 11.72
2 4 404)3,5 2 49 `1 4 ,17 04 2 9 6 324,94 11,72
24404r3.5 3 8 5 1 4 .?11• 11 44 8 334,57 11,72
2 4 40413.5 3 77 514,7 650.8 7 1 5 3311.70 11.72.




2440403,5 4 5 5 1 4 , 3 381 1 2 8 348,46 11,72
2440403.5 4 24 5 1 4 , 1 710 7 0 9 353,09 11272
2440403,5 4 43 514,42fli57 8 357,72 11,72
2440403,5 5 2 5 1 4 , 4 61 439 ii 2.35 11,72
2440403.5 5 ?1 514, 1507893 14 6,98 11,72
2440403.5 5 40 51 4 ,5444 8 7 26 11,63 11,72
2440404,5 ?2 30 314,862337 54 253,62 11,79
2440404,5 23 13 51 9 , 9 111 79 56 259,22 11,79
2440404.5 23 31 519.944563 8 263,61 11,79
2440404.5 23 49 519.088111 3 268.00 11,79
24404f5,5 0 7 5?0,n2A8?5 5 272,38 11,79
24404x5,5 0 29 570,077202 5 277,47 11,79
24404x,5.5 2 57 5?r,401440 6 313,79 11,80
24404x5.5 5 3 520,FH0737 11 344,52 11,80
2 4 404C5.5 5 41 '370,77R188 9 353,77 11,80
2440409,5 ?3 'i 53 7 ,^3A0 97 8 215,72 11,99
24404r9,5 23 40 537.r8?687 3 220,36 11,99
2440410,5 0 26 537,196961 6 231,56 12,00
2440410.5 0 50 53 7 .?5A9 37 6 237,41 12.00
2440410,5 1 9 537.?04646 3 242,04 12.00	 -=-
2440410.5 1 7R 53 7 , 4 28 679 5 253,99 12,00
2 4 40410.5 2 17 5 3 7 , le 77150 6 258.62 12,00
2440410 1 5 2 36 53 7 ,5258 4 1 5 263,24 12,00
2 4 40410.5 2 55 537,574733 3 267,08 12,00
2440410,S 3 26 537.F5s940 2 275.44 12,00
2 4 4041C.5 3 45 537,704347 3 280,06 12,00
2440410.5 4 11 537,772236 2 286,40 12,00
2 4 40410.5 4 30 53 7 . 8 ??0 69 3 291,63 12.00
2 4 40494,5 ?i 46 599,4pR613 it 54,53 11,42
2440474,5 22 7 59 9 , 4 660 74 15 59,61 11,42
2441424,5 22 ?8 599,531700 12 64,73 11,42
2440424,5 22 49 59 9 , 4 975 3 3 6 69,84 11,42
2440474,5 23 10 59 9 . 4 636 x 5 14 74,96 11,42
2440424,5 23 31 599,72QB 0 5 15 81.07 11,42
2 4 40474.5 23 52 599,7964[1 17 85,18 11,42
2 4 46425.5 0 13 599.P63163 28 90130 11.41
2 4 00425.5 0 34 '.?9,031175 29 95.41 11.41
2440425,5 0 55 5 9 9 ,°97 42 2 20 100,53 11,41
2440425,5 1 16 60C.x649 7 7 35 105.64 11,41
2 4 40425,5 1 37 600,136710 11 110,76 11,41
2 4 40425.5 1 5B 60C,?rr^721 15 115,87 11,41
2440425,5 2 19 AOC,26R9 7 3 11 120,99 11,41
2440415,5 2 40 600,N37479 it 126,10 11,41
2 44 04?515 3 1 60C,4pA187 6 131,22 11,40
2 4 404?5.5 3 7 2 6nC, 4 75102 9 136,33 11,40
2 4 40475.5 3 4 3 60[,44235 35 141,415 11,40
244042505 4 4 6 0r. o^13610 44 146,57 11.41
2440477,5 23 2 613,679732 15 44,96 11,16
2 4 40427,5 23 24 6 1 3 , 7 501 8:• 16 50,11 11,15
2 4 40477,5 ?3 4 6 613,921850 11 55,67 11,15
2 4 40496,5 0 8 613,RgZ822 11 61,03 11.15
2 41!0428.5 0 30 6 13, 9 660 6 0 8 66.39 11,15
2 4 40478,5 0 52 6 1 4 ,03 8576 6 71,75 11,15
2 4 4C4)8.5 1 14 6 1 4 ,1113 7 2 17 77,12 11,15
244C47fi,5 1 16 614,!R4428 ?0 82,46 11,15
244C4'r8,5 1 5R 6 1 4 ,257 746 15 87,82 11,15
24464?8,5 2 20 61 4 , 3 3131^ 17 93.20 11,14
24t642E,5 ? 42 614,tp5144 18 98,54 11,14
2 4 4047e.5 3 26 6 1 4 ,`5 35?2 21 109,26 11,14
24AP4?6,5 3 4R A l	 f, 2 15017 19 114.63 11.14
2 4 404 1 0,5 21 33 627,794991 18 3;5,49 iC,50	 :-
2 4 4 0 4 ? 0 . 5 ?1 55 6?7,R6S360 18 .F4 10,40	 __
19
TABLE I (Continued)
2 4 40410,5 ?2 17 6 2 7 , 9 3 7947 17 6.21 10,90
2440430,5 22 19 62R,n16749 11 11,56 10,89
2 4 40430,5 23 1 6?8,n8.18l0 12 16.92 10.89
2 4 40430,5 23 23 626,157107 12 22,28 10,89
2 4 40450.5 23 4 5 628,2366 4 5 15 27,64 10,89
2440431.5 n 7 62 8 ,304517 9 33,60 10,89•
2440431,5 0 ?9 6 26.37A62 4 18 38,36 10,69
2440411,5 0 51 628.dS?995 23 43,71 10,89
2440411,5 1 13 59 8 , 5 27 63 1 20 49,67 10.89
2440431.5 1 35 628,602536 20 54,43 10,88
2440431.5 1 97 628,677764 9 59,79 10,88
24404,11,5 2 19 6 2 8 , 7 511 29 11 65,15 10.88
2440411.5 ?. 41 628, A ?A799 9 70,51 10,88
2440451,5 3 3 6?A,o04744 36 75,86 10,88
2 4 40411,5 3 25 6? A . 0 818 4 2 33 61,22 10,88
2 4 404X2,5 ?i 11) 6 1 7 .5'sn1 62 SS 333,03 10,63
2 4 40412,5. 21 41 617,606903 21 338,62 10.63
24404X2,5 ?? 3 63 7 ,681 479 18 343,97 10,62
2440432,5 22 5 5 637,754300 12 349,34 10,62
2440412,5 22 5 0 637,A384 7 9 12 355,45 10,62
2 4 404,12,5 ?3 52 637,012810 9 .78 10,62
2440412,5 73 34 637.QR74n2 11 6.14 10.61
24404X2,5 ?3 56 6 3 8 ,^692 47 17 11,51 10.61
2440433,5 D 19 638,14D8 D 0 11 17.11 10,61
2 4 404X3,5 0 4 1 638,216210 15 22,45 10,61
2 4 40413,5 1. 3 638,291885 12 27,1)2 10.60
2440414,5 22 18 647,659822 26 328,92 10,34
2440434,5 22 41 647,7382 4 4 18 334,29 10,34
2440414.5 23 4 647,917044 17 339.89 10,34
2440474.5 23 ?6 64 7 . 6 976 47 11 345,48
10,34
2440414,5 23 50 647,075410 11 ,151.09
In .33
2 44 0435,5 0 13 6 4P. P 5`S 028 9 356,69 10,33
244D4,15,5 0 16 64P,114932 9 2,29 10,33
24404'55,5 n S9 6 4P.21's 1 4 2 12 7,90 10	 33
2440435,5 1 ?2 64P,?V56 5 0 14 13,49 10,33
24404X5,5 1 44 64 A .372911 9 14,07 SD,-t2
2440435,5 2 8 648.457495 14 24.89 10,32
24404X5,5 2 31 640,53R833 14 30,30 10.32
2440415,5 2 53 648, 61A853 18 35,88 10,32
244u4S5.5 3 17 64P,7n2210 12 41,49 10,31
2447415.5 3 39 6 4 P .79 PI6 94 59 47.D7 10,31
2440437,5 ?1 17 662,587090 11 285,75 9,93
2441477.5 21 Al 662,x69972 20 291,58 9,93
2440447,5 2? 5 6 6?,7511 n ' 6 297,43 9,93
2440437.5 22 29 662.H36576 23 :503,26 9.93
244C417.5 22 53 662, 0 21229 16 309,10 9,92
2 4 40437,5 23 17 661.On42 3 6 20 314,99 9,92
2440417,5 23 4 1 663,neP546 14 320.80 9.92
2 4 40418,5 0 5 6 63, 1 7320 18 326.66 9,92
2 4 404X8,5 D ?9 f•63,a5^i5 8 ?4 332,51 9.92
2 4 4n4X8.5 n 53 6f..5 ,14 144 0 26 33P,34 9.91
244043b,5 1 17 663, 421014 20 343,57 9,91
24404X8,5 1 41 663,$549 .'.5 9 350,02 9.91
?44C458.5 ? 5 66X,601133 11 355.F7 4,91
24404X9,5 20 47 672, 7 ?4C10 72 ?>9.74 9,66
2440419,5 21 ti 672,F076 44 57 2E5.S8 9.66
244n47%9.5 21 41 67 ?,d12402 14 ?72,90 9,65
2440419,5 22 5 672, C, 96641 6 27,,74 9,65
2 4 40419.5 22 53 6 7 3 , 1 6 9768 5 1190.41
9,65
244C4t9,5 23 17 3 296.27 9.64
24404`9.5 2.1 A l 673. 7 ;561 4 0 15 3C?.09
9,64





2440440.5 0 29 673,`+077 87 12 313,78 9,64
2440440,5 0 93 673,594088 12 319.63 9,64
2440440.5 1 !R 67 3 , 6 843 33 15 325,72 9,63
2440440,5 1 4 1 673, 7 676 37 15 331,34 9,63
2440440,5 2 5 673,x54855 12 337,15 9.63
2440440,5 2 29 673, 0 423 6 0 33 343,02 9,63
2440440,5 2 '33 61 4 ,n3ni 27 30 348,88 9,62
2440441,5 ?n 52 698,813896 11 213,53 8,80
8,792440444,5 21 17 698,003352 17 219.79
2440444,5 21 49 699, n 1R262 11 227.40 8.79
2440444,5 22 13 69 9 .10 4 7 5 0 11 233,21 8.78	 =8,78
2440444,5 ?? 37 6 9 0 ,191 494 12 ?39,08
8,782440444,5 23 1 499.77x603 12 244,93 8,78
2440444,5 23 25 X99,361966 18
42
250,77







699,541703 it 262,44 8,77
2440445,5 0 39 699,837417 9 268,78 8,77
2440445,5 1 3 6 9 0 , 7 260 9 1 11 274,62 8,76
2440445.5 1 ?7 699.815068 5 280,45 8,76
2440445.5 1 131 699,904308 5 286,31 8,76
2440445.5 2 15 6 9 9 , 9 936 7 0 8 292,16 8,75
2440445.5 2 39 700,081698 9 297,99 8,75
2440445.5 3 3 700,1757 59 36 303.85 8,75
2440445,5 3 27 700,?6 4 0 45 54 309,69 8,75
244n448.5 20 46 7?n,M69644 47 174,32 8,07










30 736,x2A224 15 185,71 7.50
2440451,5 23 55 73 6 , 0 ? ? 1 53 24 191,79 7,50
2440452.5 0 21 737,121218 56 197,95 7,46
2440452.5 0 59 737,164191 26 207,18
7,45
2440492,5 1 24 737,50337 12 213,29 7,45
2440452,5 1 49 737,354764 12 219,37 7,44
2440452,5 2 14 737,45n5n2 14 225.46 7.44
2440452,5 2 19 7j7, 1;4F5n5 21 231,55 7,44
24404';2.5 3 4 737,649700 51 237.63 7,43
2 4 40453,5 ?2 1 747,34x8 7 7 27
144,68 7,04











747,541 3 7 6
747,641137 23 163,87 7.03
2440453.5 23 45 747,739295 20 170,19 7,03
2440454,5 0 J8 717,040536 7,p 183,10 7,01
2440454,5 1. 56 748,739276 26 202.C8
2 4 50454,5 ? 22 74 R .339500 26 208.41
7,00
2440454,5 2 4B 748,44n020 17 214.74 7,00
2440454,5 3 14 74 R , g 407 87 24 221,07 6,99













2440455,5 91 37 7 5 8 ,1690 38 39 120,05 6.61
24464 ri5.5 22 3 75 8 ,	 66418 29 126.36 6,60
2 4 40555.5 23 71 75P,56 W2 69 145,37
6,59
6,59
2 4 40455,5 ?3 47 7 5 8 , 6 5 0 1 0 0 29 151,69 6,5824404 6 6.5 n 46 7 15 P;.x6i 502 20 164,59










7 5 5 ,141 96 1
14
26 183, 59 6.57
2440456,5 2 74 75 G .?6 9744 21 189,90
6,56
2540458.5 20 29 774.17AOb5 SR 74,77
5,96









87.92 5,952 4 40458.5




2440458,5 22 17 774,784020 20 101,57 5,95
2440 Vii	 5 22 44 774,4804423 26 107,64 5,94
2440458,5 ?3 it 77 4 , 0 8 0 21 7 ?.1 114,21 5,9;
2440458,5 23 18 775,n92401 24 120,79 ,
2440459,5 5 5 775,196017 38 127,35 5,93
2440454,5 1 26 775,909072 24 147,08 5,92
2440459,5 1 53 775,614177 21 153,64 5,91
2440460,5 20 42 785,46 05673 33 98,97
5,52
5,92
2440460,5 21 9 745,567363 12 65,53
2440460,5 21 36 785,6643 A 7 14 72,10 5,52
2440460,5 ?2 1 785,771763 54 78,67 5,515,51
2440460,5 72 35 785,x74473 17 89,25
9,502440460,5 22 57 785,977588 15
20
91,82
48,39 5.502440460,5 23 74 786,n81081
5,49i 2440460.5 23 51 786,184997 48 104,96 5,49	 1
2 4 40461,5 n i8 746,2492 4 0 12 511,53
^.	 2440461,5 0 45 786,393958 53 118,10 5,49
`- 2440461,5 1 12 786,494018 53 i24,67 5,48t	 -.
ic- 2440461,5 1 39 786.604446 63 131,24
5.48
` 2440462.5 ?0 48 796,578989 20 41,22 5,03
2440462.5 ?1 16 796. 6 850 68 41 48,03
5,03
i- 2440462,5 21 44 796,791480 42 54,85 5,02
- 2440462,5 ?? 12 796,A9R3n8 20 61,65
5.02
2440462.5 22 40 797,n07528 11 68, 46 9,01
` i• 2440462.5 23 8 7 9 7 .ti31 89 24 75.29 5,01
2 4 40462.5 23 36 79 7 , ? ?12 53 24 82,11 5,00
` 2440463,5 0 4 797,329746 23 88,92 5,00
". 2440463,5 0 32 797,438646 26 95,74
4,99
4.992440463.5 1 0 797.747970 33 102,54
2 4 40463,5 1 78 797,6576 74 30 109,36 4,03t.
2440466.5 21 4 2 61 9 ,123 375 32 15,96 ,
2440466,5 7? 10 819,31264 38 22,77 4103





4,022 4 404 1, 6,5 23 34 x19,557423
2400467,5 0 30 819,774976 26 56.A2 4,01_
244041.7.5 0 SR 819.867347 29 63,65 4,00














r 24404~7,5 ?2 20 A 2 4 . A 8 7 3 3 1 36 15,64
3,76
3,78










825,?11780 53 36,10 3,77
2440468,5 0 12 8 ? 5 , Z 747 4 0 15 42,91 3,763,76
2~40468,5 n 40 825,'i35126 72 49,72 3.75
•'









2440468,5 n 46 A 3C,15445 4 39 343,21
3,55
2440468,5 ?1 14 93n .200 66 20 350,54
3,54
3,54
244044.8,5 21 43 A30,171969 21 357.1 3,53











2440468,5 23 10 63n,7172A4 42 18,27
3,53














2440{69,5 1 6 831.5645>6 3'S 46,48 3,%13,49f
_ 2440469,5 2 4 k31,^On741 30 60,64




















24404A9,5 22 23 836,17! 44 0 18 357,30 3,28
24404A9,5 22 52 836,284643 15 4,35 3,28
3,282440449,5 73 21 83A,3982QO 29 11,40
2440469,5 23 50 8 36,51240 7 23 18,46
3,27
3,26
2440470,5 0 48 836,741962 21 32,98
1440470,5 1 17 836,857365 30 39,64
3,26
2440470,5 1 46 836,0731 79 59 46,70
3,25
2440472,5 ?1 31 852,967296 30 315,96 2,51
2440472,5 ^2 0 853,080504 45 322,64 2,51
2440472,5 ?2 ?9 853,194121 30 329,69 2,50
2440472,5 22 58 853,108177 18 336,75 2,49
2440472,5 23 56 653,537676 24 350,86
2,48









85 4 ,1188 9 0





2440474,5 93 29 864,A?1441 29 325,13 1,95
2440474,5 23 58 86 4 ,936922 20 332,18 1,94
2440475,5 0 28 865,n56872 32 339,47 1,94
2440475,5 0 57 865,173250 18 346,55 1,93
2440475,5 1 ?7 865,?94077 20 353,84 1,93












869,914201 45 277,32 1,71













2440475,5 23 0 870,417647 15 308,49 1,68
2440475, 1, 73 30 M70,5368 9 0 24 315,77 1,68
2440475,5 24 0 87n,A56582 53 323,n8 1,67
2440476,5 0 30 670,776825 51 330,,S' 1,67
2440476,5 1 n 670,897500 23 337,69 1,66
2440476,5 1 10 671,n18602 30 3 4 4 , ? 7 1,66
2440476,5 2 0 871,14n079 29 352,27 1,65
23
C. Determination of Topography
The topography of Alars can be deduced from the radar measurements of
round-trip t ime delays between the antenna and the subradar point oil
only after one knows the relative orbits of the earth and Mars to the requisite
accuracy. Since the errors in the time delay measurements are as low as
5li.sec when the round-trip delay is about 500 sec, the uncertainty in the orbits
must be substantially less than 1 part in 10 8 in order to ensure shat orbital
errors do not significantly degrade the accuracy of the topographic deductions.
However, the errors in some of the planetary orbital elements as determined
from classical, optical observations are about 1 part in 10 5 . Therefore, the
radar data must be used to determine simultaneously both the topographic and
the orbital characteristics. Because of the rapid rotation of Mars compared
with its synodic orbital period (ratio of about 700 to 1), the orbital and topo-
graphic effects are not highly correlated when the subradar points of the obser-
vations are distributed reasonably well over Martian longitude for each narrow
band of latitudes observed.
In any event, aside from topography, there are only 14 (partially) unknown
parameters associated with the earth-Alars radar measurements — six orbital
elements each for the earth and Mars, the mean radius of Mars, and the light-
second equivalent of the astronomical unit —whereas the number of Mars radar
measurements exceeds 500. Moreover, there exist over 1000 accurate radar
measurements of earth-Venus and earth-Alercury round-trip time delays that
i	 call 	 used to determine the earth's orbit and the asironornical unit. The Alarsii	 radar data need, in effect, only be used to determine the Martian orbit and
mean radius in addition to the topographic variations. All the data — radar and
•	 opt ical — should, however, be employed simultaneously to estimate the entire
set of unknov,m parameters.
We ]rave, in fact, follov , ed this last procedure: 8839 optical and radar ob-
servations of the inner planets were treated sirntiltaneously to estimate by
,weighted least squares the values of 38 parameters including, in addition to
11jose mcnlioned above, the orbital elements all(] radii of Alercury and Venus,
the mass of Mercury, the earth-moon mass ratio, and eight parameters
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associated with the influence of phase effects oil 	 optical observations of
Mercury and Venus. General relativity was the underlying gravitational theory
employed. The masses of Venus, the earth, Afars, and the outer planets were
taken from independent determinatiuns which were more accurate than could
have been obtained from the set of data that we employed. For similar reasons,
the orbits of the moon and outer planets and the motion of the radar site with
respect to the earth's center of mass were taken from other sources.
The errors thereby introduced into our present results are quite negligi-
ble. In particular, the errors irr the orbital positions and masses of the outer
planets have only a second-order effect on the interpretation of the earth-NMars
radar data. Effects of the propagation medium on the signal delay are substan-
tially less than 1 µsec for all Afars observations near opposition and hence are
also negligible.
The residual obtained by subtracting the theoretical value for each earth-
Mars time-delay measurement from the relevant observed value yields the
altitude for the corresponding latitude and longitude of the subradar point ob-
served. (To obtain the altitude in kilometers from the residual in microseconds,
one merely divides by two to account for the round-trip to one-way conversion
and multiplies by —0.3 for the kilometer microsecond conversion. The minus
sign takes into account that an increase in delay corresponds to a lower
elevation.)
The results of our reduction of the Mars data, 1967 and 1969 (to the end
of July), are shown in Fig. 7, where the altitudes with respect to the mean sur-
face are shown as a function of longitude for separate 5° bands of latitudes.
At the present time, the mean surface for the 1967 and the 1969 data is not
quite the same because of processing differences in 1967. 11 is proposed to
reprocess the 1967 data in the same manner as the 1969 data. The spatial res-
olution on the surface corresponding to these elevation results is approximately
5° (300km) in longitude and in latitude for each point. The latitudes and lon-
gitudes of the subradar points were calculated accurately from tl e relative or-
bital posit ions of Mars and the antenna, the data for the pole position, the an-
gular velocity, and tlie angular orientation of A g ars having been obtained from
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Fig. 7. Martian surface height variation with longitude in three 5°-wide latitude strips
ceniered on 6°, 11°, and 22°N. Because only a preliminary ephemeris has been used to
obtain the topographic residuals shown here, no significance: should be otiribuled to ihu
differences between the averege heights for the three latitude strips ar to the disagree-
ment apparent between two overlapping series of data near CH' longitude, 11°N lat-
itude. Agreemen t between successive days' meosurcmenis for corresponding longitudes
and latitudes is usually within 200 meters.
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The mean radius obtained for Mars was 3393 i h km (formal error), in
excellent agreement Ifflith the result of 3394 t 4 km obtained from Mariner 4.
We must point out, however, that the actual uncertainty in our radius result
may be several times higher than its formal error. The estimate of the mean
radius, in contrast to the topographical deductions, is highly correlated with
the estimates of Mars' orbital parameters, since the data extend over such a
relatively short arc of the Martian orbit. For example, when only one month's
9969 data were included, the estimated radius was 3343 f Skin. As the arc
over which data are collected is extended, the radius estimate obtained will in-
crease in reliability..
D. Further Data Asialysis
The inclusion of all the data in the orbital filtering program has yet to he
performed and should yield a sunstantial improvement in topographic height
estimates and in the estimate of the mean radius. It is planned to plot the data
in finer latitude bands and to construct a rough contour map from the data.
Further analysis of the CW data described in the last Quarterly Progress Re-
port has yet to he performed. Analysis of these data yields information about
the surface roughness on a scale smaller than the topographic measurements.
Finally, it is planned to examine the data for correlations with the Mars Mar-
iner 6 and 7 results.
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